This retrospective study correlates electrocardiographic and histopathologic findings in 24 patients with single well-From the
circumscribed infarcts to determine 1) whether ECG terms commonly used to describe the location of myocardial infarcts are significant, and 2) whether the extent of infarct can be determined using QRS characteristics. Transverse sections of the hearts were photographed. Based on histologic sections, the infarct was outlined on the photograph and each section was planimetered via a sonic digitizer into a computer that was programmed to divide the left ventricle into 8 radial sectors and also into basal, mesial, and apical thirds. The percentage of infarct in each of these areas was then calculated.
Of the 24 hearts evaluated 12 had posterior infarcts and 12 had anterior infarcts. Posterior infarcts principally involved the basal and THE DIAGNOSIS OF MYOCARDIAL INFARCTION has been complicated by the large number of terms that are used to specify the location of infarction based on electrocardiographic (ECG) interpretation. These include anterior, septal, lateral, high lateral, inferior, posterior, diaphragmatic, apical, basal, transmural and subendocardial. The accuracy of these distinctions remains unclear despite prior studies correlating electrocardiographic and postmortem findings." '21 A wide variety of interventions, both medical and surgical, that may affect the quantity of irreversibly damaged myocardium are currently being examined. Thus there is a need for noninvasively determined descriptors of the extent of infarcted myocardium. Although exacting criteria for quantifying infarct size electrocardiographically have been proposed,22 these criteria have not been validated by anatomic observation.
Because of these considerations we have developed a technique to accurately localize and determine the extent of infarcts in postmortem hearts. The purpose of the present study was to employ this technique to correlate anatomic findings with the ECG under optimal diagnostic conditions by including only those hearts with single, wellcircumscribed, anterior or posterior infarcts. mesial levels, whereas the anterior infarcts were more extensive in the apical and mesial thirds, with relative or total sparing of the base. Posterior infarcts were associated with Q waves in leads II, III and aVF in 11 instances. The other posterior infarct was associated with markedly diminished R waves in leads II, III and aVF in the presence of a horizontal axis. All anterior infarcts were associated with Q waves or markedly diminished R waves in the right precordial leads. Eight of the anterior infarcts exhibited circumferential apical involvement and all eight were associated with Q waves or markedly diminished R waves in the left precordial leads.
This study documents the electrocardiographic identification of anterior, posterior, and apical infarcts by correlation with pathologic anatomy.
Methods

Study Population
Hearts of deceased patients who had been evaluated in either the Duke Cardiac Care Unit or Cardiac Catheterization Laboratory, and on whom autopsies were permitted, were studied by a postmortem protocol described previously.23 Patients were included (table 1) who had either a single infarct, or a single old infarct which had been documented by electrocardiogram prior to a fatal acute infarction. The old infarcts in this latter group were included only if their borders were clearly distinguishable from those of the acute, fatal infarct. The first 12 lead ECG obtained following return of the ST segment to the baseline was chosen for evaluation. Patients in whom there was persistent ST-segment elevation until the time of death, or in whom there was ECG evidence of right or left ventricular hypertrophy or bundle branch block were excluded from this study.
Anatomic Evaluation
The method used to study the hearts was a combination and extension of two methods previously described by Sayen et al. 24 and Hackel and Ratliff.25 The ventricles were divided into six slices of approximately equal thickness by cutting the hearts perpendicular to the longitudinal axis. Photographic enlargements (8" X 10") were prepared from each level. Histologic sections were taken from the surfaces of each slice to allow precise definition of the borders of the infarct. These borders were then outlined on the appropriate photograph. The histologic sections were also used to estimate to the nearest 25% the amount of viable muscle within the borders of the infarct. A sonic, X, Y digitizer*-computert system was used to planimeter the outlines of the epicardial and endocardial surfaces of the left ventricle and to planimeter the margins of the myocardial infarct from the photographs. The computer was programmed to divide the left ventricular outline into eight equiangular sectors ( fig. 1 ). The point of origin of these sectors was the centroid of the epicardial and septal outline of the left ventricle. Sector one was oriented so that it was bisected by a line connecting the centroid of the left ventricular outline and the middle of the septum (fig. 1 ). The middle of the septum was defined as the midpoint of a line connecting the endocardial anterior and posterior insertions of the right ventricular free wall onto the septum.
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The area of total left ventricular muscle mass and the area of infarcted tissue (corrected for viable muscle within the infarct) were computed for each of the eight sectors for each level. Based on their locations within the heart, the slices were divided into basal, mesial, and apical groups. The areas of total muscle mass and of infarct were each summed within each group, and the percentage of infarcted tissue, rounded to the nearest 10%, was determined (tables 2 and 3).
Infarcts were classified as transmural if they extended from the endocardial to the epicardial surface at any point. The coronary circulation was classified as left or right dominant according to whether the left circumflex or right coronary artery gave rise to the posterior descending artery, as determined by postmortem coronary angiography.
Electrocardiographic Evaluation
Multiple characteristics of the QRS complexes in each of the 12 leads were quantitated (tables 4 and 5). These included: the depth and width of the initial Q wave deflection *GRAF/PEN, Scientific Accessories Corp. tDec 11/45, Digital Equipment Corp. and the height and width of the initial R wave deflection. Total QRS duration and frontal plane axis were determined. Results
Twenty-four patients met the above criteria and were included in the study (table 1). Seventeen of these were males (mean age 58 years), and seven were females (mean age 69 years). Patients were grouped according to the primary area of left ventricle (anterior or posterior) in which the myocardial infarct was identified by anatomic evaluation. No examples of infarct limited to either the lateral free wall or to the apex of left ventricle were included. Anterior and posterior locations were each identified in 12 of the 24 hearts. Three patients from each of these groups of 12 died during the course of a second myocardial infarction. Only their prior fibrotic infarct was considered; the area occupied by acute infarct was included as part of the normal myocardium. The anterior group included three fibrotic and nine necrotic infarcts, and the posterior group contained eight fibrotic and four necrotic infarcts. Eleven of the patients in the anterior group died due to complications of myocardial infarction and one died following pulmonary embolism. All of those with posterior infarcts died following complications which were directly related to their coronary artery disease.
Mean total heart weights in the two were similar (467 vs 486 g for posterior and anterior, respectively) but the individual values varied widely (tables 2 and 3). Right coronary artery dominance prevailed in three quarters or more of each group. Transmural involvement was noted in only four of the hearts with posterior infarcts, but in nine of those with anterior involvement.
The contrasting extent of infarcts in the two areas is presented in table 6. There was a predominance of large infarcts (9 to 24 sectors) in the anterior group. Eight of the 12 with posterior infarcts had involvement of no more than eight of the sectors of the left ventricle. Table 7 illustrates the pattern of involvement of the 12 posterior infarcts. The mesial level of sector 6 ( fig. 1 ) was involved in all of the 12 hearts in this group. There was equal total involvement of basal and mesial thirds, but significantly less (P < 0.05) involvement of the posterior apex. There were no instances of circumferential apical involvement. One of the patients in this group (P3) had a distribution of infarct which was clearly different from the remaining 11. This infarct extended into all levels of sector I (midseptum), extended laterally to involve the mesial aspect of sector 4, and was transmural at the apex. None of the other 11 posterior infarcts extended beyond the posterior aspect of the interventricular septum (sector 8). In those with either transmural or subendocardial involvement in basal and mesial areas, there was either total sparing of the and aVF on ECG (table 4 ). The other patient had minute apex (2 patients) or limitation to the epicardial aspect only (0.01) R waves preceding prominent S waves in the presence (9 patients).
of a horizontal (0°) axis. However, no QRS characteristics, Eleven of these 12 patients had Q waves in leads II, III including width or depth of the inferior lead Q waves, width The total number of sectors in the left ventricle = 24.
CIRCULATION
or height of the right precordial lead R waves, frontal plane axis, extent of peri-infarction delay, or total QRS duration permitted more specific localization. Table 8 presents an evaluation of the hearts with primarily anterior infarction. All of the 12 had involvement of the mesial level of sector 2. This sector is diametrically opposite the mesial level of sector 6 which was involved in all of the posterior group. In contrast to the posterior group, the apical level was most involved and the basal level least involved. Indeed, there was apical involvement in all 12 of the anterior infarcts. This extended circumferentially in eight. The apical involvement was either transmural or localized to the subendocardial areas. No localization to the epicardial areas, similar to that identified in the posterior group, was present in these hearts. There was extension into the posterior interventricular septum (sector 8) in the basal third in only two of this group. The line of demarcation of the posterior basal extent of these infarcts was similar to that of the anterior basal extent in the posterior group. Q waves or markedly diminished initial R waves were found in the right precordial leads of all of these 12 patients with anterior infarcts (table 5 ). In addition, characteristics of the left precordial leads were found to be useful in determination of extent of apical involvement.
Quantitation of the apical involvement in the anterior infarction group is presented in table 9. The patients were divided into three subgroups according to the appearance of the QRS complex in the lateral precordial leads 4-6. Even in those patients with normal appearing initial R waves, there was apical involvement, but this was mainly confined to the anterior aspect of the apex. The four patients with Q waves in the lateral precordial leads had circumferential transmural apical involvement. Patients with poor initial R wave progression in the left precordial leads (intermediate QRS appearance) had intermediate extent of apical involvement. In two of these there was sparing of at least one of the posterior apical sectors and in the other two the involvement of the posterior aspect of the apex was subendocardial only.
Discussion
Several reports have correlated the electrocardiogram with qualitative anatomic findings in the hearts of patients with coronary artery disease. In the present study the extent and location of infarct were quantitatively determined at autopsy and the ability of the electrocardiogram to identify TABrLE Indicates number of hearts out of total of 12 in whichi the indicated sector (see ig. 1) was involved by infarct. the extent of these lesions was evaluated. The computerized method of planimetry used in this study has confirmed the findings of others,24 that fatal anterior infarcts involve more myocardium than posterior infarcts. It also has documented quantitatively the qualitative observation of Barnes that posterior infarcts are principally in the basal left ventricle, that anterior infarcts are typically apical, and that anterior infarcts involve more of the interventricular septum than do posterior infarcts. 5 ECG lead placement was restricted to the extremities until the early 1930s when Wilson and others demonstrated the usefulness of precordial leads.7' 8, 28 Using multiple precordial leads, Myers established criteria in the late 1940s for the diagnosis of anterior myocardial infarcts based on correlative studies of the electrocardiogram with anatomic data.'9' 20 These criteria were confirmed in the present study; ECG tracings of all 12 patients with anterior infarcts had decreased R wave amplitude or absent initial R waves in the right precordial leads. In addition, a criterion based on morphology of tracings in the left precordial leads was suggested by this study which would permit determination of the extent of apical involvement in anterior infarcts.
As early as 1934 Barnes identified an ECG pattern (Q,) that permitted the identification of anteroapical infarcts as determined by correlative studies with postmortem material.' Studies by Myers in the late 1940s documented the association of abnormal QS and QR complexes in the left precordial leads with infarcts extending to the lateral or anterolateral apex20 and the absence of such complexes in infarcts limited to either the lateral base2" or the anteroseptal apex"' of the left ventricle. Anatomic studies by Dunn, Edwards, and Pruitt also suggested that apical infarcts were indicated by QRS changes in the left precordial leads; whereas lateral free wall involvement was usually indicated by appearance of Q waves in leads I and aVL."' 18 Horan et al. have reported that in the presence of left bundle branch block, Q waves in leads I, V, and V, were associated with extensive apical and anteroseptal infarcts."f No previous studies, however, have identified criteria for the determination of the extent of apical infarcts, i.e., circumferential vs. intermediate vs. minimal involvement.
The results of the present study suggest that in patients with anterior infarcts normal R waves in leads V4,e indicate anterior apical involvement, Q waves indicate large circumferential apical involvement, and markedly diminished R waves imply "intermediate" apical involvement by infarct.
A monograph by Hoffman, Edwards, and Pruitt provides illustrations of both the anatomic location of myocardial infarcts on five cross-sectional slices and the corresponding 12 lead electrocardiograms." Analysis of the correlation between the apical extent of their ten anterior infarcts and the QRS complexes in the precordial leads is presented in table 10. The significance of normal R waves vs Q waves in Indicates number of hearts out of total of 12 in which the indicated sector (see fig. 1 ) was involved by infarct. % involvement of various sectors in apical third in patients with anterior infarcts. Note: Each figure is the average for the four cases included in each group; the "overall average" relates to the average % involvement of all 8 sectors for that group. leads 4-6 is confirmed. However, three of the four patients with retention of minimal R waves in these leads had circumferential apical involvement. Only one showed the "almost circumferential" involvement which was noted in the four patients of our study. Thus, it is possible that markedly decreased R waves might have the same significance as the Q waves in the lateral precordial leads, i.e., the designation of circumferential apical infarction.
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In the early 1930s it was first suggested that Q waves in lead III were associated with disease of the posterior septum.3 4 Subsequent studies clarified this association to include leads II and aVF and to include the entire posterior wall of the heart. Of the 12 patients with posterior infarcts in this study, 11 had Q waves in leads II, III, and aVF while none of the patients with anterior infarcts had this finding.
No electrocardiographic characteristics to detect the degree of septal or lateral extension of these posterior infarcts were found. The computer simulations of myocardial activation developed by Selvester et al. have suggested that it would be meaningful to distinguish between "inferior" (Q waves in leads II, III and aVF) and "posterior" (increased R waves in leads V1 2) location of infarct.22 However, this distinction did not prove useful in locating the infarcts in the current study. Indeed, as documented in tables 2 and 4, patients with relatively minimal infarction, which was limited to the lateral aspect of the posterior myocardium, had typical changes in leads II, III and aVF, while other patients with infarction limited to the septal aspects of posterior myocardium had changes in leads V1 2. Thus, the term posterior may be sufficient for designation of an infarct which is manifested either by "inferior" ("diaphragmatic") or "strictly posterior" appearance on ECG.
Poor correlation between the ECG and the actual anatomic extent of posterior infarcts indicates the need to examine more advanced techniques of recording the electrical field of the heart such as the vectorcardiogram, additional electrocardiographic leads, or body surface maps. However, the semi-circumferential extent of large posterior infarcts at the base of the heart (table 7) may pose an in- herent limitation in obtaining close correlation with information in the QRS complex. The loss of electrical forces in the basal aspect of the posterior interventricular septum could be "cancelled" by loss of forces oriented in the opposite field in the basal aspect of the lateral free wall. Therefore, the electrocardiographic appearance of a large semi-circumferential posterior infarct could be similar to that of a more limited posterior infarct without septal and lateral involvement.
The concept that infarcts will cause alterations in the QRS only when they are "transmural" has not been validated by this study. Indeed many of the patients in both the anterior and posterior groups with definitive Q waves had infarcts limited to the subendocardium. Boineau and others have reported the same finding, although without postmortem verification, using body surface mapping.27 The monograph by Hoffman et al. noted above'5 and a report by Wilkinson et al. 28 have documented by postmortem studies the potential for subendocardial infarcts to produce definitive QRS changes. Cook et al. reported that large nontransmural infarcts involving more than half the thickness of the left ventricular wall were capable of causing Q waves.29 In the present study, however, patients with quite small subendocardial infarcts (P4 in table 2 and A12 in table 3) exhibited Q waves. An experimental precedent for this observation is furnished by Durrer and co-workers who found that infarcts less than 1 cm in diameter and involving only onefourth the thickness of the left ventricular wall caused Q waves in overlying epicardial electrodes in dogs.3e Thus, both transmural and subendocardial infarcts are capable of changing QRS morphology. (This issue has been further complicated by a recent report that some transmural infarcts cause only ST-T changes without definitive QRS alterations. 31) This study provides a basis for the adoption of a simplified terminology to designate the location of myocardial infarction as determined by electrocardiogram. It has confirmed the accuracy of the terms anterior, anteroapical, and posterior. However, it has failed to identify the specificity of subdivision into inferior vs posterior or transmural vs subendocardial. The study has also demonstrated qualitatively that changes in leads V4,indicate circumferential apical involvement and has suggested that the specific QRS appearance in these leads might correlate with the quantity of the apex infarcted.
